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LASER WELDING OF FUSED QUARTZ 

GOVERNMENT RIGHTS 

This invention Was made With Government support under 
Contract Number W-7405-ENG-36 awarded by the United 
States Department of Energy to The Regents of the Univer 
sity of California. The Government has certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to Welding of 
refractory materials With loW expansion and loss coef? 
cients. More speci?cally, the present invention applies to 
Welding of fused quartz using a high poWer LASER (Light 
Ampli?cation by Stimulated Emission of Radiation) as a 
heat source. 

2. Description of Related Art 
Laser Welding or laser fusing is the process of uniting tWo 

formerly separate pieces of material by the application of 
heat via an intense energy beam along the area of contact 
betWeen the pieces. The physical barriers originally associ 
ated With the separate pieces of material along the area of 
contact are changed, thereby alloWing the pieces to join. One 
method of accomplishing this task is melting or softening 
the edges of materials and compressing them. In many cases 
a ?ller rod is used to place ?ller material in gaps betWeen 
angled pieces of material to be joined. The ?ller rod melts 
When exposed to the heat source and joins With the contact 
areas of the pieces being Welded. Generally this has the 
effect of reinforcing the Weld, but occasionally the process 
Will introduce impurities into the Weld betWeen the 
materials, thereby making the Weld Weaker. 

Unfortunately, even in laser Welding, one of the Weakest 
spots in a Weld is the Weld joint. This Weakness may be 
attributed to a variety of reasons. For example, the ?ller 
material may not successfully bond With the materials being 
joined; as is often true in the case of quartZ. Furthermore, the 
thermal expansion of the material during the Welding pro 
cess often creates or introduces imperfections into the mate 
rials being joined. For example, materials With a high 
thermal expansion coef?cient introduce solidi?cation crack 
ing as the Weld cools. In addition, the laser Welding process 
often introduces impurities into the materials that Weaken 
the material. For example, laser-Welding quartZ generates 
silicon oxides, Which contaminate the Weld or are deposited 
on the quartZ surfaces. What is needed is a method of 
generating a full penetration Weld Without introducing struc 
tural Weakness. 

In addition to properly Welding materials that other heat 
sources can join, laser heat sources are also useful in 
Welding materials that are dif?cult to join, such as high 
carbon stainless steels and titanium. In fact, lasers may even 
be used to Weld dissimilar materials, Which Would otherWise 
be incompatible using other traditional Welding techniques. 
Despite this usefulness With most dif?cult to Weld materials, 
the refractory or amorphous materials still pose a substantial 
dif?culty to presently available laser Welding devices. 
Unfortunately, many of the refractory materials, such as 
quartZ, are amorphous materials With no precise melting 
temperature. The Weld joint must be carefully monitored to 
ensure that the Weld is not too hot, thereby altering the 
material into a ?uid state that drips aWay from the ?llet. 
Examples of Welding techniques and Welding monitoring 
systems can be found in US. Pat. Nos. 4,443,684, 5,155, 
329, 5,534,103, 6,1,88,041, and 6,191,383. 

10 

15 

25 

35 

45 

55 

65 

2 
Although lasers can cut refractory materials, such as 

quartZ, lasers have dif?culty Welding refractory materials 
due in part to the amorphous nature of the materials. Despite 
the potential usefulness to the semiconductor industry, laser 
fusing of quartZ and other refractory materials remains 
largely unexplored. This is due in part to the unreliability 
and dif?culty of creating full penetration Welds in the 
refractory materials. Refractory materials include quartZ, 
sapphire, rutile, and other refractory materials With a loW 
thermal expansion coef?cient. Generally, a Weld of these 
materials requires substantial heat, Which affects a larger 
area then Would normally be desired. Furthermore, oxides 
that are generated during the Welding process may contami 
nate the surface of the Weld before the Weld can cool doWn 
and solidify. What is needed is a method of generating full 
penetration uncontaminated Welds of refractory or amor 
phous materials, such as quartZ, With no precise melting 
temperature. 

SUMMARY OF THE INVENTION 

The present invention has been developed in response to 
the current state of the art, and in particular, in response to 
these and other problems and needs that have not been fully 
or completely solved by currently available laser Welding 
techniques and apparatus. Thus, it is an overall object of the 
present invention to provide full penetration laser Welding 
via high poWer lasers characteristically selected for the 
material being Welded. This can be accomplished by select 
ing a laser as a heat source that is adjusted so that the laser 
is absorbed by the material to be joined. An example of an 
apparatus facilitating quartZ Welding is shoWn in FIGS. 1 
and 2. 

The present invention facilitates full penetration Welds of 
refractory materials, such as quartZ, sapphire, rutile, and 
other materials With a loW thermal expansion coefficient. 
These qualities are primarily accomplished through optimiZ 
ing the radiation from a heat source so that it is almost 
completely absorbed by the materials to be Welded. For 
example, fused quartZ may be optimally Welded by a high 
poWer carbon dioxide laser With a characteristic Wavelength 
of 10.6 pm in the mid-infrared portion of the electromag 
netic spectrum. By selectively varying poWer, focus, and 
feed rates of the carbon dioxide laser, the laser emits 
radiation that is almost completely absorbed by the quartZ 
material. Other lasing media can be selected based on the 
desired emission Wavelength, poWer needed, and pulse 
duration. 

Accordingly, one aspect of the apparatus is to facilitate 
full penetration Welds. 

Another aspect is that the apparatus maintains the integ 
rity of the fused quartZ material, keeping the Welded mate 
rials free from cracking and contamination by oxides. 
An additional aspect of the apparatus is that the heat 

affected Zone created during a quartZ Weld is kept to a 
minimum. 

Yet another aspect of the apparatus is by varying laser 
type, focus, poWer, and feed rates full penetration Welds may 
be created for other Welded substances. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by the 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instruments and combinations particularly pointed out in the 
appended claims. These and other objects and features of the 
present invention Will become more fully apparent from the 
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following description and appended claims, or may be 
learned by the practice of the invention as set forth herein 
after. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in Which the above recited and 
other advantages and objects of the invention are obtained, 
a more particular description of the invention brie?y 
described above Will be rendered by reference to speci?c 
embodiments thereof, Which are illustrated in the appended 
draWings. Understanding that these draWings depict only 
typical embodiments of the invention and are not therefore 
to be considered to be limiting of its scope, the invention Will 
be described and explained With additional speci?city and 
detail through the use of the accompanying draWings in 
Which: 

FIG. 1 illustrates an exemplary laser Welding system that 
provides a suitable operating environment for the present 
invention; 

FIG. 2 is a side vieW of the exemplary laser Welding 
system as illustrated in FIG. 1; 

FIG. 3 illustrates a quartZ Wafer boat structure With laser 
Welds; and 

FIG. 4 is a perspective vieW of a laser cylinder With 
Welded quartZ output WindoWs. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference throughout this speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
present invention. Thus, the appearance of the phrases “in 
one embodiment” or “in an embodiment” in various places 
throughout this speci?cation are not necessarily all referring 
to the same embodiment. 

Furthermore, the particular features, structures, or char 
acteristics may be combined in any suitable manner in one 
or more embodiments. In the folloWing description, numer 
ous speci?c details are provided, such as examples of laser 
Welding apparatus, to provide a thorough understanding of 
embodiments of the invention. One skilled in the relevant art 
Will recogniZe, hoWever, that the invention can be practiced 
Without one or more speci?c details, or With other methods, 
components, materials, and etcetera. In other instances, 
Well-knoWn structures, materials, or operations are not 
shoWn or described in detail to avoid obscuring aspects of 
the invention. 

Reference throughout this speci?cation to “laser Welding” 
or “Welding” means a process that unites at least tWo 
formerly separate pieces of material by the application of a 
laser heat source via an intense energy beam applied along 
the area of contact betWeen the pieces. Laser heat sources 
used in laser Welding are often designed to concentrate high 
amounts of energy into small, Well-de?ned target areas. The 
target areas vary in siZe for each different laser type used in 
the Welding process. For example, a short Wavelength laser 
may optimally generate a target area that is approximately 
0.003 inch to 0.006 inch in diameter. The resulting energy 
density heats, melts, or vaporiZes materials in this target area 
according to characteristics of the material in the target area 
and the laser’s poWer, focus, and feed rate. When correctly 
employed, the laser’s energy is only applied Where it is 
needed, minimiZing the heat affected Zone surrounding the 
target area. A“Weld” or “Weld joint” denotes material Within 
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4 
the target area formed during the Welding process. The Weld 
physically connects the formerly separate material pieces. A 
“defect” represents one or more discontinuities in the Weld 
that cause a testing failure of the Weld. 

FIG. 1 and the folloWing discussion are intended to 
provide a brief general description of a suitable laser 
Welding environment in Which the invention may be imple 
mented. Those skilled in the art Will appreciate that the 
invention may be practiced With many types of laser Welding 
system con?gurations. 

Typically laser Welding can be accomplished on most 
materials at very high speeds With loW heat generation and 
little or no distortion. These attributes alloW laser Welding to 
be usefully incorporated into mass production lines. 
Generally, laser Welds of a speci?ed material are more 
predictable than other Welds, laser Welds may also be 
mechanically repeatable and thus may be used in mass 
production processes. Additionally, laser Welding only 
requires “line of site” rather than “physical proximity” to the 
materials being Welded. Physical proximity to the materials 
is typically necessary for other Welding methods that use 
other heat sources, such as torch, spot, arc, electrode, or 
contact. Furthermore, the inconsistency and defects of Welds 
from other Welding methods make them unreliable for 
incorporation or deployment into automated mass produc 
tion processes. 

There are many types of lasers that may be used in laser 
Welding, each generating a different Wavelength of energy 
and quality of beam. These differences in?uence the ability 
of each laser’s beam to cut, re?ect, couple With, or be 
absorbed by each type of material. Some lasers are very 
poWerful, such as the CO2 laser, Which can cut through steel. 

The CO2 (carbon dioxide) and NdzYAG (Neodymium 
Doped: Yttrium-Aluminum-Garnet) lasers are among the 
most important industrial lasers. The CO2 laser emits laser 
light in the infrared region of the spectrum. Infrared radia 
tion is heat, and this laser basically melts through Whatever 
it is focused upon. CO2 lasers are presently used for cutting 
hard materials. The CO2 laser cuts Well With most metals, 
plastics, Wood, quartZ, ceramics and glass. 

The Nd:YAG laser Works Well With metals, especially 
those that are highly re?ective. Some non-metals such as 
ceramics can also be processed With the YAG laser. YAG 
lasers are also useful in marking applications. 

In addition to the tWo high-poWer lasers discussed above, 
other exemplary lasers could be employed to optimiZe a 
Welding process to a particular material being Welded. Some 
of theses lasers (and their respective Wavelengths) Which 
may also vary the poWer, focus, and feed rates to be 
optimiZed for the material include ultraviolet, blue, green, 
red, NIR (Near Infra-Red), FIR (Far Infra-Red), and tunable 
lasers. Exemplary ultraviolet lasers and their respective 
emission Wavelengths (nm) include: Argon ?uoride (UV) 
193 nm, Krypton Fluoride (WV) 248 nm, and Nitrogen 
(WV) 337 nm. Additional exemplary lasers With emission 
Wavelengths (nm) from the other Wavelength categories 
include Argon (blue) 488 nm, Argon (green) 514 nm, 
Helium neon (green) 543 nm, Helium neon (red) 633 nm, 
Rhodamine 6G dye (tunable) 570—650 nm, Ruby (CrAlO3) 
(red) 694 nm, Nd: YAG (NIR) 1064 nm, and Carbon 
Dioxide (FIR) 10600 nm. 

Reference is ?rst made to FIG. 1 illustrating an exemplary 
laser Welding system 100 or apparatus and environment in 
Which the present invention may be utiliZed or implemented. 
FIG. 1 is intended to be illustrative of potential systems 100 
that may utiliZe the present invention and is not to be 
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construed as limiting. FIG. 1 illustrates a laser Welding 
system 100 that Welds quartz With a minimum sized heat 
affected Zone. The system 100 positions the fused quartz 
plates 102 and quartZ ?ller rod 104 such that upon comple 
tion of the Weld a full penetration Weld is generated in Which 
there is no solidi?cation cracking, or distortion of the surface 
area outside of the Weld Zone or the heat-affected Zone. In 

one embodiment, the laser 106 is a continuous Wave carbon 
dioxide laser With a maximum poWer of at least about 700 
Watts. The high poWer carbon dioxide laser 106 also exhibits 
a characteristic Wavelength of about 10.6 pm. The laser 106 
may utiliZe a defocused laser beam 108 in the mid-infrared 
portion of the electromagnetic spectrum When Welding 
quartZ. 

QuartZ is traditionally a particularly dif?cult amorphous 
material to accurately Weld because it has no precise melting 
temperature. Quartz exhibits a tetrahedral molecular 
structure, Where each Si atom is bonded to 4 Oxygen atoms. 
The Si—O bond is covalent and strong, Which is responsible 
for quartZ’s high viscosity since the tetrahedral grid is very 
rigid. QuartZ begins to soften at about 650 C. and softens to 
a suitable Welding consistency betWeen about 700 C. and 
about 1100 C. Despite this dif?culty, quartZ also exhibits 
several useful Welding characteristics. For example, quartZ 
has a very small thermal expansion coef?cient, approxi 
mately 1 ppm/K or about 4><l0_7/K. QuartZ also has a 
reasonably small thermal conductivity of about 3.4><10_3 
cal/sec cm K (compared to copper With a value of about 1 
cal/sec cm K and iron at 0.22 cal/sec cm K) alloWing the 
applied heat from the laser to stay concentrated in the target 
area. 

The quartZ laser Welding technique of the present inven 
tion is faster, cleaner and less labor intensive than the 
Welding techniques currently in use. Presently, quartZ is 
Welded using archaic torch Welding or “glassbloWing” tech 
niques that require years of training for the glassbloWer to 
perfect. Unfortunately, torch Welding introduces oxides into 
the Weld and contaminates the integrity of the quartZ. In an 
effort to remove the oxides and clean the quartZ material, the 
glassbloWer must devote additional time to applying hydrof 
luoric acid to the quartZ surface structure. In contrast, the 
laser Welding methods of the present invention do not 
contaminate the quartZ, so cleaning With hydro?uoric acid is 
unnecessary. Furthermore, a laser technician Without any 
previous torch Welding experience can produce a Weld using 
the present invention that is far superior to the efforts of an 
experienced glassbloWer With years of training. The present 
invention provides also a method of laser Welding that 
overcomes the dif?culty presented by the variable melting 
point of quartZ. Speci?cally, the radiation from the laser 
beam 108 is almost completely absorbed by the quartZ 
materials, namely the fused quartZ plates 102 and quartZ 
?ller rod 104, leading to very rapid heating of the materials 
to the melting point for quartZ. The loW thermal expansion 
coef?cient of quartZ (approximately 1><10_6/ C.) helps ensure 
that no solidi?cation cracking is encountered after the Weld 
is made. The siZe of the heat-affected Zone is controlled and 
minimiZed due to the concentration of the laser 106. 
Furthermore, the loW thermal coef?cient of quartZ ensures 
that the applied heat Will stay concentrated in the heat 
affected Zone. In one embodiment the preferred diameter of 
the ?ller rod is about the same as the thickness of the fused 
quartZ plates. When the quartZ components are a similar 
thickness, the laser has a similar penetration into the 
material, thereby enabling a full penetration Weld. For 
example, in a con?guration Where the thickness of the fused 
quartZ plates is about 0.125 of an inch and the preferred 
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diameter of the ?ller rod is also about 0.125 of an inch, the 
plates and the ?ller rod Will Weld at similar poWer, focus, and 
feed rate setting on the laser. The ?ller rod 104 should extend 
past the edge of the plates about 0.25“ inch. This helps in the 
total fusion of the materials at the ends of the plates 102. To 
ensure full penetration Welding, the laser should start irra 
diation about 0.25“ of an inch before the plates 102 and 
continue past the end of the plates 102 for about 0.25 “ of an 
inch. 

In one embodiment illustrated in FIGS. 1 and 2, the laser 
Weld system 100 has a table support structure for positioning 
the materials to be Welded under the laser 106. The table 
support structure comprises a Welding ?xture 112, vacuum 
clamping ports 114, a support base 116, and an XY motion 
system 118. 
The Welding ?xture 112 is preferably constructed of a 

durable lightWeight material, such as aluminum, graphite, 
titanium, steel, or the like. The Welding ?xture 112 may be 
?exibly adjusted to support the quartZ plates 102 at a variety 
of angles from about 180 to about 5 during the Welding 
process. As the ?xture 112 holds the quartZ plates 102 in an 
inverted V position, a small V is created by the edges of the 
quartZ plates being Welded. A ?ller rod 104 may rest in the 
small V until the Welding process fuses the plates 102 and 
the ?ller rod 104. In one embodiment the ?xture 112 is 
permanently ?xed to facilitate a squared Weld betWeen the 
materials. During the melting period prior to fusion, the 90 
angle of the square Weld may cause re?ections of the laser 
beam from the target area. Despite these re?ections more 
than 90% of the radiation from the laser beam is absorbed. 

The vacuum clamping ports 114 help secure the fused 
quartZ plates 102 in position on the Welding ?xture 112. The 
ports 114 use a suction interface to ensure that the move 
ments of the XY motion system 118 do not alter the position 
of the plates 102 and quartZ ?ller rod 104 during the Welding 
process. An external vacuum generates the suction for the 
vacuum clamping ports 114. A central vacuum feed tube 
connected to the external vacuum helps balance the suction 
strength of the ports 114 evenly betWeen the quartZ plates 
102. In one embodiment, the vacuum clamping ports 114 are 
located laterally on each side of the ?xture 112. 

The support base 116 is a ?at surface holding the Welding 
?xture 112 and mounted to an XY motion system 118. In one 
embodiment, the XY motion system 118 is electronically 
controlled to automatically move along a predetermined 
path in the XY plane at a pre-selected feed rate. As such, the 
target area of the material to be Welded moves underneath 
the laser beam 108 according to the motion of the system 
118. With the support base 116 mounted to the XY motion 
system 118, the directions of the Welds are also electroni 
cally controlled. The feed rate of the fused quartZ plates 102 
and ?ller rod 104 are related to the movement of the XY 
motion system 118 under the laser 106. An alternative 
embodiment alloWs the laser 106 to move along the XY 
plane over the quartZ surfaces instead of moving the Welding 
structure. 

The laser Welding system 100 also includes an exhaust 
system 120, Which removes particles, such as silicon oxides, 
produced during the Welding process. The exhaust system 
120 is attached to an external exhaust vacuum capable of 
removing the oxides around the Weld. If these particles are 
not removed then the oxides may contaminate the Weld and 
redeposit themselves on the surface of the quartZ. 
Furthermore, the particles may alter the effectiveness of the 
laser over the target area. One embodiment surrounds the 
target area of the laser beam 108 With the exhaust system 
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120, quickly removing oxide particles created during the 
Welding process. The exhaust system 120 may include a 
vacuum and a vacuum head With multiple inlets to help in 
particle removal. One con?guration uses multiple vacuum 
heads to draW particle aWay from the target area during the 
laser Welding process. In an effort to minimiZe 
contamination, one con?guration of the present invention 
continues operation of the exhaust system 120 until the Weld 
has cured and solidi?ed. In addition to oxides, other airborne 
contaminates are also removed from the target area by the 
exhaust system 120. 
One embodiment provides a mechanism that injects 

selected airborne particles into the target area via the exhaust 
system 120. These particles are selected to alter the charac 
teristics of the Weld. For example, an injected particle may 
increase the strength of the Weld While another particle may 
alloW the Weld to become more ?exible or supple. 

OptimiZing the proper poWer, feed rate, focal length or 
focus setting for the carbon dioxide laser 106 alloWs a fusion 
to occur When the plates 102 are passed underneath the laser 
beam 108. The feed rate and amount of beam defocus are 
determined to be important parameters to consider When 
Welding. The beam is defocused according to the siZe of the 
?ller rod. Typical feed rates vary from 0.01 inches to 10 
inches per minute depending on the laser poWer. Typical 
laser poWer settings for Welding quartZ range betWeen about 
200 Watts and about 1 KiloWatt, and more preferably 
betWeen about 350 Watts and about 500 Watts. For example, 
a laser With a focal length of about 5 “ and a poWer setting 
of 435 Watts can properly Weld 0.125 -inch quartZ plates 102 
and the ?ller rod 104 When the XY motion system uses a 
feed rate of about 0.55 inch per minute. 

FIG. 2 is a side vieW of the laser Welding system 100 of 
FIG. 1 As can be seen the quartZ plates 102 are held to the 
aluminum support structure 112 via vacuum clamping ports 
114. In addition, the exhaust system 120 extends over the 
surface of the Weld created betWeen the quartZ ?ller rod 104 
and quartZ plates 102 upon exposure to the radiation from 
the laser beam 108. The XY stage 116 enables the laser 106 
to remain stationary While the speci?c points of the Weld are 
passed underneath the surface. 

One embodiment of the present invention uses tWo lasers 
optimiZed for each material to be fused. For example, a 
carbon dioxide laser may be used to prepare quartZ material 
While a YAG laser may be used to prepare titanium, stainless 
steel, kovar, nickel, copper, or other metal. Once the mate 
rials are prepared they may be fused through compression or 
by using a compatible ?ller rod. 

The folloWing examples in FIGS. 3 and 4 are given to 
illustrate various embodiments, Which may be made With the 
present invention. It is to be understood that the folloWing 
examples are not comprehensive or exhaustive of the many 
types of embodiments, Which can be prepared in accordance 
With the present invention. 

FIG. 3 illustrates a quartZ rack or boat 300 useful in the 
manufacturing process of integrated circuit Wafers 350. The 
quartZ boat 300 is an open quartZ structure that holds 
semiconductor Wafers 350 during the doping phase of the 
manufacturing process. Typically the doping phase requires 
operation of the boat 300 in high temperatures, betWeen 
about 750 and about 800 C. QuartZ is one of the feW 
materials that Withstand such temperatures Without interfer 
ing With the doping process. 

Unfortunately, the quartZ boats presently available are 
hand Welded using a torch Welding method, Which intro 
duces contaminates into that boat structure. Each support 
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rod 310 must be individually Welded to the end supports 
320. One of the problems With the torch Welding process is 
the introduction of contaminates to the quartZ boat. Con 
tamination is caused by the Welding process and by the 
required physical handling of the boat 300. During the 
doping phase these contaminates can transfer from the boat 
into the semiconductor Wafers. As the integrated circuit 
Wafers are created in the high-temperature doping phase, 
contaminants depart from the hand-Welded boat and are 
embedded in the Wafers. This can potentially ruin the batch 
of integrated circuit Wafers. Another problem With the 
presently available quartZ boats is that the hand Welds are 
not full penetration Welds. These inferior Welds begin to 
deteriorate during the high-temperatures of the doping 
phase. Over time the quartZ boat hand Welds Will gradually 
melt until the quartZ boat must be replaced. 
The present invention alloWs the quartZ boat 300 to be 

manufactured using the previously described laser Welding 
techniques to drastically reduce the number contaminate 
particles and extend the product life expectancy for the 
quartZ boat. The laser Welding system alloWs the quartZ 
boats to be assembled in a sterile, precise, automated man 
ner. As the torch Welding technique is not used, less time 
needs to be devoted to cleaning individual parts in hydrof 
luoric acid, Which can further compromise the surface 
structure. Furthermore, the present invention is substantially 
easier to operate. The Welding system enables a technician 
Without any previous “glassbloWing” experience to produce 
a Weld far superior to the efforts of an experienced glass 
bloWer With years of training. 

All of the components necessary to create this boat 300 
may be cut assembled and Welded by one automated laser 
assembly system dramatically decreasing the contaminates 
in the boat 300. For example, one embodiment notches the 
support rods 310 to stabiliZe and evenly separate the silicon 
Wafers 350 for more ef?cient doping penetration. These 
notches may be cut into the support rods 310 using the laser 
from the Welding system. The laser may also cut the 
WindoWs and bore holes in the end supports 320. FolloWing 
a mechanical assembly of the support rods 310 and end 
supports 320, the target areas of the laser Welding system 
may be placed over the contact points betWeen the support 
rods 310 and the end supports 320. By changing the poWer, 
focus, and feed rate of the laser, the laser Welding system 
may then generate full penetration Welds 330 at the target 
areas. The reduction of contaminates in the boat 300 also 
increases the efficiency of the integrated circuit baking 
process, because feWer Wafers are lost to contamination. 

FIG. 4 illustrates a round or an oval laser tube that bene?ts 
from quartZ laser Welding to produce full penetration Welds. 
The laser Welding system 100 may create an assembly of 
quartZ components lenses, WindoWs, and optical cells to 
create laser tubes 400 or chemical irradiation assemblies. 
The quartZ laser tube 400 contains quartZ WindoWs 420 that 
are Welded at laser Welds 430 to the quartZ laser tube 410. 
The quartZ WindoWs 420 are Welded at BreWster’s Angle, the 
angle necessary for all loW-gain lasers, to the laser tube 410. 
Full penetration Welds betWeen the lenses and the tube 
dramatically reduce the diffraction of any irradiation placed 
through the laser tube 400. The removal of contaminates 
from the Welds increases the overall quality of the quartZ 
lens 420 and the ef?ciency of the laser tube 400. The laser 
tube 400 may include electrodes 440, Which can also be 
Welded in place Within the tube 410 for gas lasers. 

In a laser, the laser tube 400 contains a lasing medium, 
Which may be solid or gas. The lasing medium is “pumped” 
to get the atoms of the medium into an excited state. 
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Electrodes 440 provide electrical discharges or very intense 
?ashes of light to pump the lasing medium and create a large 
collection of excited-state atoms (atoms With higher energy 
electrons). For the laser to Work ef?ciently, a group of atoms 
in the excited state are necessary. The atoms are excited to 
a level that is tWo or three levels above the ground state. This 
increases the degree of population inversion, especially if 
the loWer laser level is not the ground state. The population 
inversion is the number of atoms in the excited state versus 
the ground state or the loWer laser level. Once the lasing 
medium is suf?ciently pumped, it contains a collection of 
atoms With some electrons sitting in excited levels. The 
excited electrons have energies greater than the more 
relaxed electrons. Just as the electron absorbed some amount 
of energy to reach this excited level, it can also release this 
energy. This emitted energy comes in the form of photons or 
light energy. The photon emitted has a very speci?c Wave 
length or color that depends on the state of the electron’s 
energy When the photon is released. TWo identical atoms 
With electrons in identical states Will release photons With 
identical Wavelengths. 

The photon that any atom releases has a certain Wave 
length that is dependent on the energy difference betWeen 
the excited state and the ground state. If this photon, 
possessing a speci?c energy and phase, encounters another 
atom that has an electron in the same excited state, a 
phenomenon called stimulated emission can occur. The ?rst 
photon can stimulate or induce atomic emission such that the 
subsequent emitted photon from the second atom vibrates in 
phase, With the same frequency, and direction as the incom 
ing photon. 

The other characteristic to a laser is a pair of partially 
transparent mirrors or quartZ WindoWs 420, one at each end 
of the lasing medium. Photons, With a very speci?c Wave 
length and phase, re?ect off the WindoWs 420 to travel back 
and forth through the lasing medium. In the process, they 
stimulate other electrons to make the doWnWard energy 
jump and can cause the emission of more photons of the 
same Wavelength and phase. A cascade effect occurs, and 
soon We may have propagated many, many photons of the 
same Wavelength and phase. The WindoWs 420 at one end of 
the laser is “half-silvered” or partially transparent at the laser 
Wavelength, meaning it re?ects some light and lets some 
light through. The light that makes it through is the laser 
beam light. 

The present invention may be embodied in other speci?c 
forms Without departing from its spirit or essential charac 
teristics. The described embodiments are to be considered in 
all respects only as illustrative and not restrictive. The scope 
of the invention is, therefore, indicated by the appended 
claims rather than by the foregoing description. All changes 
that come Within the meaning and range of equivalency of 
the claims are to be embraced Within their scope. 
What is claimed and desired to be secured by United 

States Letters Patent is: 
1. A method of Welding quartZ, comprising the steps of: 
selecting at least tWo pieces of quartZ to be Welded 

together; and 
irradiating the at least tWo pieces of material With con 

tinuous Wave CO2 laser light such that a full penetra 
tion Weld is formed betWeen the at least tWo pieces at 
a selected location. 

2. The method as recited in claim 1, further comprising 
the step of ventilating oxide particles before they redeposit 
and contaminate the quartZ. 

3. The method as recited in claim 1, further comprising 
the step of ventilating particles around the selected location 
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to carry aWay contaminates before they redeposit and con 
taminate the quartZ or the Weld. 

4. The method as recited in claim 1, Wherein the at least 
tWo pieces of quartZ are about the same thickness. 

5. The method as recited in claim 4, Wherein the at least 
tWo pieces of quartZ are fused quartZ plates about 0.125 inch 
thick. 

6. The method as recited in claim 1, Wherein the Wave 
length of the laser light is about 10.6 pm. 

7. The method as recited in claim 1, Wherein full pen 
etration Welds are accomplished at the selected location by 
varying the poWer, focal length, and feed rates of the laser. 

8. The method as recited in claim 7, Wherein the focal 
length for quartZ plates is betWeen about 3 inches and about 
7 inches. 

9. The method as recited in claim 8, Wherein the focal 
length for fused quartZ plates is betWeen about 4 inches and 
about 6 inches. 

10. The method as recited in claim 9, Wherein the focal 
length for 0.125 inches fused quartZ plates is about 5 inches. 

11. The method as recited in claim 7, Wherein the feed rate 
is betWeen about 0.25 inches per minute and about 5 inches 
per minute. 

12. The method as recited in claim 11, Wherein the feed 
rate is betWeen about 0.5 inches per minute and about 3 
inches per minute. 

13. The method as recited in claim 12, Wherein the feed 
rate is about 0.55 inches per minute. 

14. The method as recited in claim 7, Wherein the laser 
poWer is about 435 Watts, the focal length is about 5 inches, 
and the feed rate is about 0.55 inches per minute. 

15. The method as recited in claim 1, Wherein poWer of 
the laser is in the range of from about 200 Watts to about 700 
Watts. 

16. The method as recited in claim 15, Wherein poWer of 
the laser is in the range of from about 350 Watts to about 500 
Watts. 

17. The method as recited in claim 16, Wherein poWer of 
the laser is about 435 Watts. 

18. A method of laser Welding materials, comprising the 
steps of: 

selecting at least tWo pieces of material to be Welded 
together, the at least tWo pieces of material being 
selected from the group consisting of quartZ, sapphire, 
and rutile; and 

irradiating the at least tWo pieces of material With con 
tinuous Wave laser light such that a full penetration 
Weld is formed betWeen the at least tWo pieces are 
Welded together at a target area. 

19. The method as recited in claim 18, Wherein full 
penetration Welds are obtained by varying the poWer, focus 
and feed rates of the laser. 

20. The method as recited in claim 18, further comprising, 
ventilating particles generated at the target area to carry 
aWay contaminates before they redeposit and contaminate 
the material or the Weld. 

21. The method as recited in claim 18, Wherein the laser 
is a Nd:YAG laser. 

22. The method as recited in claim 18, Wherein the range 
of poWer for the laser is from about 200 Watts to about 1000 
Watts. 

23. An apparatus for laser Welding fused quartZ plates 
together, said apparatus comprising: 

a. a ?xture for holding fused quartZ plates; 
b. a laser for Welding the quartZ plates; 
c. optics for defocusing the laser light onto target areas on 

the quartZ plates during Welding; 
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d. a ventilation system for removing particles from target 
areas during Welding; and 

e. one or more vacuum clamping ports for securing the 
quartZ plates in position during Welding. 

24. An apparatus for laser Welding fused quartZ as claimed 
in claim 23, further comprising an automated X-Y table for 
moving the target area beneath the laser. 

25. An apparatus for laser Welding fused quartZ as claimed 
in claim 23, Wherein the laser is a continuous Wave carbon 
dioxide laser. 

26. An apparatus for laser Welding fused quartZ as claimed 
in claim 23, Wherein the laser has a poWer range of from 
about 200 Watts to about 1000 Watts. 

27. An apparatus for laser Welding fuse quartZ plates 
together, said apparatus comprising: 

a ?xture for holding fused quartZ plates that can be 
?exibly adjusted to support the quartZ plates at a variety 
of angles, the ?xture capable of holding the quartZ 
plates in an inverted “V” position; 
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a laser for Welding the quartZ plates; 
optics for defocusing the laser light onto target areas on 

the quartZ plates during Welding; 
a ventilation system for removing particles from target 

areas during Welding; and 
one or more vacuum clamping ports used to help secure 

the quartZ plates in position on the ?xture. 
28. An apparatus for laser Welding fused quartZ as claimed 

in claim 27, further comprising an automated X-Y table for 
moving the target area beneath the laser. 

29. An apparatus for laser Welding fused quartZ as claimed 
in claim 27, Wherein the laser is a continuous Wave carbon 
dioxide laser. 

30. An apparatus for laser Welding fused quartZ as claimed 
in claim 27, Wherein the laser has a poWer range of from 
about 200 Watts to about 1000 Watts. 


